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© Electronic apparatus and method for patching a fixed information. 



© An electronic apparatus (10) which includes a 
CPU (1), a ROM (2), a RAM (3), an input port (4), a 
data bus (5), an address bus (6), a patching portion 
address register (7) and a patching interrupt vector 
register (8) which are connected to the data bus (5), 
a comparator (9) which compares a coincidence with 
the address stored in the address register (7) and an 
address on the address bus (6) and supplies an 
interrupt to an interrupt control portion of the CPU 



(1) which is also supplied with other interrupts for 
other processing. Further, an external storage device 
(20), connected to the input port (4), supplies a main 
program bug patching information which is stored in 
the RAM (3), which includes a stack area (32) in 
which there are saved data written in the address 
register (7) and the patching interrupt register (8), so 
that patching of program bugs can be carried out 
even during an interrupt. 
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BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to an electronic 
apparatus such as a one-chip microcomputer incor- 
porated within electronic devices, for example. 

Description of the Related Art: 

A one-chip microcomputer incorporated within 
electronic devices, for example, is formed of an 
electronic apparatus in which a fixed memory 
means (ROM (read only memory)), a processing 
means (CPU (central processing unit)), an input 
means, a variable memory means (RAM (random 
access memory)), etc., are unitarily integrated. 

In such an electronic apparatus (one-chip 
microcomputer), a program for the processing in 
the processing means (CPU) is stored in the fixed 
memory means (ROM), for example. That is, a 
particular processing is executed in accordance 
with an information (processing program) stored in 
the fixed memory means (ROM). If such fixed 
memory means is formed of, for example, a mask- 
ROM, then such electronic apparatus can be made 
inexpensively by means of mass-production. 

The above electronic apparatus are incorpo- 
rated within electronic devices such as a consumer 
VTR (video tape recorder) having a built-in camera, 
a compact video deck or the like. There is a recent 
trend that the electronic devices (consumer VTRs 
having a built-in camera or the like) are so de- 
signed as to have multiple functions in order to 
discriminate products. As a result, the amount of 
information (processing program) stored in the 
fixed memory means (ROM) is increased and, par- 
ticularly, the processing program becomes ex- 
tremely long, which unavoidably causes a defect 
(bug) to occur. 

When such a bug is discovered after the ap- 
paratus have been mass-produced, the apparatus 
which were already mass-produced must be aban- 
doned and the apparatus must be mass-produced 
one more time. Further, external parts for patching 
the bug must be mounted on the apparatus. How- 
ever, a lot of money is needed when the apparatus 
is mass-produced one more time. Also, it is fre- 
quently observed that external parts cannot be 
substantially mounted on electronic device because 
various parts were already mounted on the elec- 
tronic device with high density. 

The assignee of the present application has 
previously proposed a means for patching a bug 
after the apparatus was mass-produced (see Japa- 
nese Patent Application No. 3-118799). According 
to this previously-proposed application, in the elec- 
tronic apparatus, there are provided a patch in- 



formation memory means for patching a bug and 
an access switching means. A bug portion is dis- 
criminated on the basis of an information stored in 
a fixed memory means. At that bug portion, the 

5 memory access is switched from the fixed memory 
means to the patch information memory means. 

In this previously-proposed apparatus, when an 
information (processing program) stored in the 
fixed memory means (ROM) is constantly acces- 

70 sed in a predetermined sequential order, if the next 
patch portion is designated at the end of the pro- 
cessing where an arbitrary patch portion is 
patched, then a plurality of bug portions can be 
patched sequentially. 

15 In this previously-proposed apparatus, howev- 

er, when other, different information is accessed by 
an interruption or the like, a bug in such different 
information cannot be patched. More specifically, 
when a portion to be patched in the first interrupt 

20 processing is designated at the beginning of the 
interrupt processing, for example, the timing at 
which this interrupt processing itself is executed in 
the main processing is not specified and the por- 
tion to be patched when the interrupt processing is 

25 ended becomes different depending on the timing 
of the interrupt processing. Consequently, the next 
portion to be patched cannot be designated. 

To solve the above problem, according to the 
prior art, there are provided a patch information 

30 memory means and an access switching means for 
the interrupt processing independently of those of 
the main processing, whereby a bug can be 
patched during the interrupt processing. However, 
this proposal needs many additional circuits. Fur- 

35 ther, when the interrupt processing is executed in a 
multiple fashion, there are needed a maximum 
number of sets of patch information memory 
means and access switching means, which cannot 
be effected with ease. 

40 

OBJECTS AND SUMMARY OF THE INVENTION 

Therefore, it is an object of the present inven- 
tion to provide an improved electronic apparatus in 
45 which the aforesaid shortcomings and disadvan- 
tages of the prior art can be eliminated. 

It is another object of the present invention to 
provide an electronic apparatus in which a bug that 
was discovered after a mass-production can be 
so patched with ease. 

It is still another object of the present invention 
to provide an electronic apparatus in which a bug 
can be patched during an interrupt processing. 

It is a further object of the present invention to 
55 provide an improved fixed information patching 
method in which the aforesaid shortcomings and 
disadvantages of the prior art can be eliminated. 
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trol means are unrtarily integrated in the electronic 
apparatus. 

According to the present invention, the informa- 
tion stored in the fixed memory means is patched 
5 by the information from the patch information 
memory means and the information bug that is 
discovered after electronic devices were mass-pro- 
duced can be patched. Also, by saving discriminat- 
ing data of the patch portion to a stack memory, a 
10 bug can be patched during the interrupt process- 
ing. 

The above and other objects, features, and 
advantages of the present invention will become 
apparent from the following detailed description of 
rs an illustrative embodiment thereof to be read in 
conjunction with the accompanying drawings, in 
which like reference numerals are used to identify 
the same or similar parts in the several views. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 



It is yet a further object of the present invention 
to provide a fixed information patching method in 
which a bug that was discovered after a mass- 
production can be patched with ease. 

It is still a further object of the present inven- 
tion to provide a fixed information patching method 
in which a bug can be patched during an interrupt 
processing. 

According to a first aspect of the present in- 
vention, there is provided an electronic apparatus 
which comprises a fixed memory means in which 
an information is stored in a fixed fashion, an 
address control means for controlling an address, 
an input means through which an external informa- 
tion is input, a patch information memory means 
for storing therein a patch information concerning a 
portion to be changed in the information stored in 
the fixed memory means, and a switching control 
means for switching the memory access made by 
the address control means from the fixed memory 
means to the patch information memory means. 
The address control means includes a first memory 
in which there is saved control data for controlling 
the switching of memory access by the address 
control means when an interrupt processing is ex- 25 
ecuted so that the control data for controlling the 
switching of the memory access during the inter- 
rupt processing can be set in the switching control 
means. The fixed memory means, the address 
control means, the input means, the patch informa- 30 
tion memory means and the switching control 
means being unitarily integrated in the electronic 
apparatus - ? y 

According to a second aspect of the present 
invention, there is provided a fixed information 35 
patching method for operation of an electronic ap- 
paratus which comprises fixed memory means in 
which an information is stored in a fixed fashion, 
address control means for controlling an address, 
input means through which an external information 40 
is input, patch information memory means for stor- 
ing therein a patch information concerning a portion 
to be changed in the information stored in the fixed 
memory means, and switching control means for 
switching the memory access made by the ad- 45 
dress control means from the fixed memory means 
to the patch information memory means at a pre- 
determined address. This method comprises the 
steps of saving the control data for controlling the 
switching of the memory access by the address so 
control means to a first memory during the begin- 
ning of an interrupt processing to the address 
control means, and setting the control data for 
controlling the switching of the memory access 
during the interrupt processing in the switching 55 
control means. The fixed memory means, the ad- 
dress control means, the input means, the patch 
information memory means and the switching con- 



FIG. 1 is a block diagram showing an arrange- 
ment of an electronic apparatus according to an 
embodiment of the present invention; 
FIGS. 2A and 2B are diagrams used to explain 
the processing program, respectively; 
FIG. 3 is a diagram used to explain information 
that should be patched; and 
FIG. 4 is a diagram used to explain operation of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described 
with reference to the drawings. 

In FIG. 1 of the accompanying drawings, refer- 
ence numeral 10 generally designates a one-chip 
microcomputer serving as an electronic apparatus. 
The electronic apparatus 10 includes a CPU 
(central processing unit) 1 serving as a processing 
means, a ROM (read only memory) 2 serving as a 
fixed memory means, a RAM (random access 
memory) 3 serving as a patch information memory 
means, an input means 4, e.g. an input/output (I/O) 
port or the like. The CPU 1, ROM 2, the RAM 3 
and the input means 4 are connected to one an- 
other via a data bus 5. An address output formed 
by the CPU 1 is supplied through an address bus 6 
to the address inputs of the ROM 2 and the RAM 
3. 

There are provided a patch portion address 
register 7 and a patch interrupt vector register 8, 
respectively. These registers 7 and 8 are con- 
nected to the data bus 5. There is provided a 
comparator 9 which detects a coincidence between 
the address stored in the register 7 and the ad- 
dress of the address bus 6. The comparator 9 is 



3 



5 



EP 0 553 733 A2 



6 



connected at its output portion, from which there is 
obtained a signal representative of the coincidence 
of the addresses, to an interrupt control portion X 
of the CPU 1. The CPU 1 includes also interrupt 
control portions A, B, C, ... for other processing. 

An external storage device 20 is connected to 
the input means 4. The external storage device 20 
also is incorporated within the electronic device. 
The external storage device 20 is formed of an 
EEPROM (electrically erasable and programmable 
ROM) in which there are generally stored param- 
eters obtained in the adjustment process of elec- 
tronic device, etc. An information from the external 
storage device 20 is supplied through the input 
means 4 and then stored in the RAM 4, thereby 
being utilized in the processing done by the CPU 
1. 

In the above electronic apparatus 10, a pro- 
gram information for the processing in the CPU 1 is 
stored in the ROM 2 in a fixed fashion. In this 
processing program, there is provided an activation 
program shown in FIG. 2A, for example. The ac- 
tivation program includes a program for initializing 
the apparatus such as when the RAM 3 is cleared, 
and a program for transferring the information from 
the external storage device 20 through the input 
means 4 to the RAM 3 or the like. 

In the processing program stored in the ROM 
2, there are provided a main program for executing 
a main processing and interrupt programs for ex- 
ecuting a variety of interruptions A, B, C, ... At the 
beginning of the main program, there is provided a 
processing program which writes into the registers 
7 and 8, respectively, from the fixed table area 31 
of the RAM 3, an address of a first bug portion 
written in the RAM 3 and vector data representative 
of a starting position of the patch program for 
patching the first bug portion. 

At the beginning of each interrupt program, as 
shown in FIG. 2B, there is provided a processing in 
which data written in the registers 7 and 8 are 
saved in the RAM 3 at its stack area 32 which will 
be described later on. This processing is followed 
by a processing in which an address of a first 
patching portion corresponding to the interrupt and 
vector data representative of a starting position of a 
patch program for patching the bug portion of the 
interrupt are written in the registers 7 and 8, re- 
spectively. At the end of the interrupt program, 
there is provided a processing in which the data 
saved in the stack area 32 is written again in the 
registers 7 and 8. 

In the external storage device 20, there are 
stored information used to patch a bug in the 
information stored in the ROM 2, together with the 
parameters obtained in the previously described 
adjustment process. The information used to patch 
the bug is shown in FIG. 3 and includes an address 



of a first bug portion corresponding to the main 
program and the interrupt, vector data representa- 
tive of a starting position a patch program for 
patching the first bug portion, and the patch pro- 
5 gram. 

Then, by the processing of the previously de- 
scribed activation program, the information from 
the external storage device 20 is stored in the RAM 
3 through the input means 4. Thus, the patch 

10 program is stored in a patch program portion of the 
RAM 3. However, the main program, the address of 
the first bug portion corresponding to the interrupt 
and vector data representative of the starting posi- 
tion of the patch program for patching the first bug 

75 portion are written in the fixed table area 31 of the 
RAM 3. 

Accordingly, in this apparatus, in the beginning 
of the main program after activation, the address of 
the first bug portion in the main program and 

20 vector data representative of the starting position of 
the patch program for patching the first bug portion 
are read out from the fixed table area 31 of the 
RAM 3 and then written in the registers 7 and 8. 
Then, when the main program proceeds and the 

25 address thereof becomes coincident with the ad- 
dress of the register 7, a signal is supplied to the 
interrupt control portion X of the CPU 1 . 

Thus, data of the register 8 is referred to by 
the CPU 1 in processing of the interrupt control 

30 portion X, and a patch program located at the 
position indicated by the above data is executed. 
Further, at the end of this patch program, there are 
provided arv address of the next patch portion of 
the interrupt program, vector data representative of 

35 the starting position of the patch program for patch- 
ing the address, and a processing by which they 
are written in the registers 7 and 8, respectively. As 
described above, the patch portions of the main 
programs are patched sequentially. 

40 According to the above-mentioned electronic 
apparatus, when the interrupt processings are re- 
quested in the interrupt control portions A, B, C, .... 
the respective interrupt processings A, B, C, ... are 
executed. At the beginning of these interrupt pro- 

45 grams, data written in the registers 7 and 8 are 
saved in the stack area 32 of the RAM 3. Further, 
the first patch portion address corresponding to the 
above interruption and the vector data representa- 
tive of the starting position of the patch program for 

50 patching the address of the patch portion are read 
out from the fixed table area 31 of the RAM 3 and 
then written in the registers 7 and 8. As the inter- 
rupt program proceeds and the address becomes 
coincident with the address of the register 7, then a 

55 signal is supplied to the interrupt control portion X 
of the CPU 1. 

Thus, the data in the register 8 is referred to 
by the CPU 1 for the interrupt processing and then 
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the patch program at the position indicated by that 
data is executed. Further, at the end of this patch 
program, there are provided an address of the next 
patch portion in the interrupt program and vector 
data representative of the starting position of the 
patch program for patching the address, and a 
processing by which they are written in the regis- 
ters 7 and 8, respectively. In this way, the patch 
portions of the interrupt programs are sequentially 
patched. Furthermore, at the end of this interrupt 
program, data saved in the stack area 32 are 
written in the registers 7 and 8 one more time. 

According to the above-mentioned electronic 
apparatus, when the interrupt processings are re- 
quested in the interrupt control portions A, B, C, 
as shown in FIG. 4 of the accompanying drawings, 
the address of the patching portion of the main 
program and the vector data representative of the 
starting position of the patch program for patching 
the address are saved from the registers 7 and 8 to 
the stack area 32. Then, the address of the first 
patch portion corresponding to the above interrupt 
and the vector data representative of the starting 
position of the patch program for patching the 
address are read out from the fixed table area 31 
of the RAM 3 and written in the registers 7 and 8. 
Thus, the patch portions of the interrupt programs 
are patched sequentially. Further, at the end of the 
interrupt program, the data saved in the stack area 
32 are again written in the registers 7 and 8, 
whereby the patching process of the patch portions 
in the main program is continuously executed. 
! * -As described above, according to the above- 
mentioned electronic apparatus, the information 
stored in the fixed memory means (ROM 2) is 
patched by the information from the patch informa- 
tion memory means (RAM 3) and the information 
bug that is discovered when the electronic device 
was mass-produced can be patched. Also, by sav- 
ing the discriminating data of the patch information 
to the stack memory (stack area 32), the bug can 
be patched during the interrupt. 

Incidentally, in the above electronic apparatus, 
the stack area 32 may be arranged as a so-called 
pushdown stack. If so, then the electronic appara- 
tus of the present invention can be applied to a 
multiple interrupt in which an interrupt is executed 
during an interrupt. 

In the above-mentioned apparatus, the switch- 
ing means for switching the memory access from 
the ROM 2 to the RAM 3 may be modified such 
that the vector data representative of the starting 
position of the patch program is replaced with a 
jump command to that position and the output data 
of the ROM 2 and the data in the register 8 is 
switched when the addresses compared by the 
comparator 9 become coincident with each other. 



Further, in the above-mentioned apparatus, ad- 
dress data of the first patch portion corresponding 
to the interrupt is stored in the fixed table area 31 
of the RAM 3 at every processing of various inter- 

5 rupts A, B, C, ... If there is no bug portion in an 
arbitrary interrupt processing, then corresponding 
data in the fixed table area 31 must be written in 
the fixed table area 31 by selecting an address 
which is not accessed during the interrupt process- 

io ing. 

However, in the above-mentioned apparatus, 
after the RAM 3 is cleared by the activation pro- 
gram and all data are cleared to "0", the informa- 
tion from the external storage device 20 is stored. 

75 Accordingly, when new data is not written therein, 
all addresses of the fixed table area 31 of the RAM 
3 are all "0". On the other hand, addresses of "0" 
are assigned to the RAM areas in the CPU 1, this 
address can be inhibited from being accessed dur- 

20 ing the program processing. Therefore, if the ar- 
bitrary interrupt processing has no bug portion, 
then the above-mentioned object can be achieved 
by inhibiting new data from being written in the 
corresponding fixed table area 31 of the RAM 3. 

25 According to the present invention, the informa- 
tion stored in the fixed memory means is patched 
by the information from the patch information 
memory means and the information bug that is 
discovered after electronic devices were mass-pro- 

30 duced can be patched. Also, by saving the dis- 
criminating data of the patch portion into the stack 
memory, a bug can be patched during the interrupt 
processing. fcVc 

Having described a preferred embodiment of 

35 the invention with reference to the accompanying 
drawings, it is to be understood that the invention 
is not limited to that precise embodiment and that 
various changes and modifications could be effec- 
ted by one skilled in the art without departing from 

40 the spirit or scope of the invention as defined in the 
appended claims. 

Claims 

45 1. An electronic apparatus comprising: 

(a) fixed memory means (2) in which an 
information is stored in a fixed fashion; 

(b) address control means (1) for controlling 
an address; 

so (c) input means (4) through which an exter- 

nal information is input; 

(d) patch information memory means (3) for 
storing therein a patch information concern- 
ing a portion to be changed in the informa- 

55 tion stored in the fixed memory means; 

(e) switching control means (7, 8, 9) for 
switching a memory access by the address 
control means from the fixed memory 
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means to the patch information memory 
means under the control of control data; and 
(f) wherein the address control means (1) 
includes a first memory in which there is 
saved the control data for controlling the 
switching of memory access by the address 
control means (1) when an interrupt pro- 
cessing is executed so that the control data 
for controlling the switching of the memory 
access during the interrupt processing can 
be set in the switching control means (7, 8). 

2. The apparatus according to claim 1, wherein 
the fixed memory means (2), the address con- 
trol means (1), the input means (4), the patch 
information memory means (3) and the switch- 
ing control means (7, 8, 9) are unitarily in- 
tegrated in a single chip in the electronic ap- 
paratus (10). 

3. The apparatus according to claim 1 or 2, 
wherein the switching control means (7, 8, 9) 
includes a second memory (7) for storing 
therein address and data of a content to be 
patched. 

4. The apparatus according to claim 3, wherein 
the second memory (7) is a register. 

5. The apparatus according to anyone of claims 1 
to 4, wherein the switching control means (7, 8, 
9) includes comparing means (9) for compar- 
ing a present address with an address of the 
content to be patched. 

6. A fixed information patching method for an 
electronic apparatus which comprises fixed 
memory means (2) in which an information is 
stored in a fixed fashion, address control 
means (1) for controlling an address, input 
means (4) through which an external informa- 
tion is input, patch information memory means 
(3) for storing therein a patch information con- 
cerning a portion to be changed in said in- 
formation stored in said fixed memory means 
(2), and switching control means (7, 8, 9) for 
switching the memory access by said address 
control means (1) from said fixed memory 
means (2) to said patch information memory 
means (3) at a predetermined address, said 
method comprising the steps of: 

saving control data for controlling the 
switching of the memory access by the ad- 
dress control means (1) to a first memory 
during the beginning of an interrupt processing 
to said address control means (1); 
and 

setting the control data for controlling the 



switching of the memory access during the 
interrupt processing in said switching control 
means (7, 8, 9). 

5 7, The method according to claim 6, wherein the 
method steps are carried out with respect to a 
single integrated circuit chip in the electronic 
apparatus (10) in which the fixed memory 
means (2), the CPU (1), the input means (4), 

w the random access memory (3) and the switch- 

ing control means (7, 8, 9) are unitarily in- 
tegrated. 

8. The method according to claim 6 or 7, further 
75 including the step of storing address and data 

of a content to be patched in a second mem- 
ory (7) in the switching control means (7, 8, 9). 

9. The method according to claim 8, wherein the 
20 second memory (7) is a register. 

10. The method according to anyone of claims 6 
to 9, wherein the switching control means in- 
cludes comparing means for comparing a 

25 present address with an address of the content 

to be patched. 

11. A method of patching faulty information of a 
main program and interrupt programs for an 

30 electronic apparatus (10) in which the faulty 

information is stored in a read only memory 
(ROM) (2), read out to a random access mem- 
ory (RAM) (3) and processed by a central 
processing unit (CPU) (1) of a single integrated 

35 circuit chip microcomputer, comprising the 

steps of: 

(a) from an external memory source (20), 
writing into a patch program portion of the 
RAM (3), within the microcomputer, a patch 

40 program for patching the faulty information 

and writing into a fixed table area (31) of the 
RAM (3) an address of a first bug portion 
corresponding to an interrupt and vector 
data representative of a starting position of 

45 the patch program for patching the first bug 

portion; 

(b) reading out the address of the first bug 
portion in the main program and vector data 
representative of the starting position of the 

so patch program for patching the first bug 

portion from the fixed table area (31) of the 
RAM (3) and then writing the address of the 
first bug portion and the vector data in a 
patch address register (7) and a patch vec- 

55 tor register (8), respectively; 

(c) beginning processing of the main pro- 
gram and interrupting the processing by the 
CPU (1) of the main program when an ad- 
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dress called for by the main program is 
coincident with the address in the patch 
address register (7); 

(d) after step (c), referring to the vector data 

of the patch vector register (8) for further 5 
processing by the CPU (1) and executing a 
patch program located at the position in- 
dicated by the vector data in the patch 
vector register (8); 

(e) at the end of the patch program, writing 10 
in the patch address register (7) an address 

of a next patch portion of an interrupt pro- 
gram and writing in the patch vector register 
vector (8) data representative of a starting 
position of the next patch program for 75 
patching an address; 

(f) interrupting the processing of the main 
program to process an interrupt program, 
and at the beginning of the interrupt pro- 
gram saving data written in the patch ad- 20 
dress register (7) and the patch vector reg- 
ister (8) in a stack area (32) of the RAM (3), 
reading out from the fixed table area (31) of 

the RAM (3) a first patch portion address 
corresponding to the interruption and a vec- 25 
tor data representative of a starting position 
of a patch program for patching an address 
of the patch portion and then writing in the 
patch address register (7) the read out first 
patch portion address corresponding to the 30 
interruption and writing in the patch vector 
register (8) the read out vector data repre- 
sentative of a starting position of a patch 
program for patching an address of the 
patch portion; 35 

(g) during the processing of the interrupt 
program, when an address specified by the 
CPU (1) is coincident with the address 
stored in the patch address register (7), 
supplying a signal to an interrupt control 40 
portion of the CPU (1) and causing the CPU 

to refer to the vector data in the patch 
vector register (8) for the interrupt process- 
ing and then execute the patch program at 
the position indicated by the vector data in 45 
the patch vector register (8); 

(h) at the end of the patch program for the 
interrupt program, writing into the patch ad- 
dress register (7) an address of the next 
patch portion in the interrupt program and 50 
writing into the patch vector register (8) 
vector data representative of the starting 
position of the patch program for patching 

the address, whereby the patch portions of 

the interrupt programs are sequentially 55 

patched; 

(i) at the end of the interrupt program, writ- 
ing the data saved in the stack area (32) 



into the patch address register (7) and the 
patch vector register (8) once again, where- 
by a patching process of the patch portions 
in the main program is continuously ex- 
ecuted. 

12. An electronic apparatus comprising: 

a central processing unit (CPU) (1); 

a read only memory (ROM) (2); 

a random access memory (RAM) (3); 

an input port (4); 

a data bus (5); 

an address bus (6); 

a patching portion address register (7) 
connected to the data bus (5); 

a patching interrupt vector register (8) con- 
nected to the data bus (5); 
a comparator (9) connected to the address bus 

(6) and to the patching portion address register 

(7) for detecting a coincidence between an 
address stored in the patching portion address 
register (7) and an address on the address bus 
(6) and for supplying an interrupt to an inter- 
rupt control portion of the CPU (1) which is 
also supplied with other interrupts for other 
processing, and for thereafter causing the CPU 
(1) to process program data specified by vec- 
tor data stored in the patching interrupt vector 
register (8); 

an external storage device (20), connected to 
the input port (4), for supplying a main pro- 
gram bug patching program and an interrupt 
program bug patching program; 
wherein the CPU (1) stores the main program 
bug patching program and the interrupt pro- 
gram bug patching program in the RAM (3) 
and stores in a fixed table area (31) of the 
RAM (3) a first patch portion address cor- 
responding to an interruption and a vector data 
representative of a starting position of a patch 
program for patching an address of the patch 
portion; 

wherein the CPU (1) reads from the fixed table 
area (31) of the RAM (3) the first patch portion 
address corresponding to an interruption and 
the vector data representative of the starting 
position of a patch program for patching the 
address of the patch portion and writes in the 
patching portion address register (7) the first 
patch portion address corresponding to the 
interruption and writes into the patching inter- 
rupt vector register (8) the vector data repre- 
sentative of the starting position of a patch 
program for patching the address of the patch 
portion; 

wherein the CPU (1) saves to a stack area (32) 
of the RAM (3) data written in the patching 
portion address register (7) and the patching 
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interrupt vector register (8), so that patching of 
program bugs can be carried out even during 
an interrupt. 



10 



15 



20 



25 



30 



35 



45 



50 



55 



8 



EP 0 553 733 A2 




9 



EP 0 553 733 A2 



FIG. 2A 



Activation 
Program 

Clear RAM 
Initialize 
Transfer 
Information 



Main 
Program 



Interrupt A 



Interrupt B 



Interrupt C 



FIG. 2B 



Save Data In Registers 
7,8 to Stack 32 



Write Data 

In Registers 7, 8 



Interrupt 
Program 



Write Data From 
Stack 32 to 
Registers 7,8 



Interrupt X 



10 



EP 0 553 733 A2 



FIG. 3 
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